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© Rngerprint minutiae matcher. 

© A machine or process for comparing fingerprints based 
on the correspondence between fingerspring minutiae. 

The pattern of minutiae in an unknown or search 
fingerprint is rotated and translated to obtain approximate 
registration with the pattern of minutiae in a known on file 
fingerprint Following rotation and translation, only those 
search and file fingerprints that exhibit a sufficient number of 
mating minutiae between the fingerprints are compared 
further. 

For each pair of mating search and file minutiae, the 
neighboring mating minutiae are compared 8nd an indi- 
vidual minutia "match score" is determined based on the 
degree of correspondence between the other mating pairs of 
minutiae within a specified neighborhood of the individual 
pair of mating search and file minutiae. The individual 
"match scores" for each of the mating minutiae are summed 
2! to yield a total score that is indicative of the correspondence 
between the search and the file fingerprints. 
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FINGERPRINT MINUTIAE HATCHER 
BACKGROUND OF THE INVENTION 

A fingerprint can be charactered by the locations and angular 
or,entat1ons of the ridge endings and ridge bifurcations „,,m It , 
print (dl data are referred t0 ,„ aJi s 9 pec,fL s t u " t I/' — 

descried 1n a number of U.S. Patents, including Nos 3 611 290- 
3.699,419; 4,083,035; and 4.151,512. ' ' 

This invention pertains to processes and machines for the auWM 
comparison of one fingerprint, referred to here as the "search" I 
with another fingerprint, referred to as the " 1 » ng t T^'"' 
determine 1, the two prints were made by the same finger 

A minutia pattern matcher Invented by Rio ana tl v«. , , , 
In U.S. Patent No 4 135 147 T h. R1 9anati and Vltols Is described 

cent 4,135,147. The present Invention is closely related t„ 
the m1nut,a pattern matcher Invented by Rlganat, and vftols \ *» 
No. 4,135.147 describes, In some detail, the prior art and * i I 
to which both this invention and the ^JX^^^T 
The nnnutia pattern matcher of Riganati and V.tols generates a 

( r h»l f VeCt ° r " ( " RIV " ) f ° r MCh m '" Ut1a ,n «• uPicentlfled 

11 "«.'P".t, which RIV is a detailed description of a mlnutJs 

12 TZl b0rh °° h d 0f ; SaHy SUrr0Und,n ' Bi " Ut1 "- Th * "»tche „ a es 
« h RIV 1 the search print with each RIV 1n the known (»f, le ») print 

and generates a match score for each comparison (see Cols 8 IP J .. I 
Patent No . 4> , 35 . 147) . By . - -s. M2 ,. 

g 1 companson.of the Individual niches .„„ generates . scQ 

w th the f„e print (see Col. 12 of u. S. Patent No. 4,135.147). Because 

I! -*f - "Ch RIV 1n the search print w 

eft" " ' ^ P ™"" 1 " V0,VeS S amount of 

The present Invention significantly reduces the effort expended in the 
comparison first, by performing a preliminary comparison of ear „ 

minutiae on a global basis in order to reject file prints which bear 
little resemblance to the search print (to give a -quick out") and 
second, by, in effect, comparing each search RIV with only a si„ g , e 



79E59A 



0050842 



- 2 - 

mating file RIV. The details of the present process also differ from 
those of the minutia pattern matcher. 

SUMMARY OF THE INVENTION 

This invention is a machine or process that compares or "matches" 
fingerprint minutia patterns. The result of this matching process 1s a 
natch score which is a measure of the similarity of the two minutia 
patterns, with a high match score indicating a high degree of similarity. 
The machine of this invention is a general purpose computer, such as the 
IBM 7090, that has been programmed in accord with this specification. 

The inputs to the machine are (1) the minutia data for the fingerprints 
being matched (one print is designated the search print, the other the 
file print), which minutia data consist of the locations (x,y) and angular 
orientations (e) of the minutiae, and (2) a set of machine operating 
parameters. The minutia data are ordered in a e in a lowest to highest 
values of 0. Tables 1(a) and 9(b) show an example of minutia data 1n 
tabular form (the format in which the computer stores and uses the data), 
and Figures 1A, B and C are plots of such data. 

The object of the invention is to measure the similarity between 
two minutia patterns, such as those shown in Figures 1A and IB. A 
high degree of similarity exists between the patterns in Figures 1A and 
IB, as is shown in the superimposed patterns of Figure 1C where the 
search minutia of Figure 1A have been rotated by an angle a and translated 
in X an amount X T and in Y an amount Yy, and then superimposed on the 
file pattern. 

One measure of similarity is the number of corresponding minutiae. 
To determine this number, one can think of a small box being drawn 
around each search minutia as shown in Figure 2A. If there 1s a file 
minutia within the box which also has the minutia angle close to the 
search minutia angle (say, within 25°), then the two minutiae are said 
to correspond, or to be mates. Figures 2A, B and C illustrate several 
cases of mating, non-mating, and multiple mating minutia pairs. There 
are 13 corresponding or mating minutia pairs in Figure 1C. This number of 
mating minutiae, designated is used as a preliminary measure of 
similarity. 
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If % 1s sufficiently high, a score 1s computed for each search 
mmutl, based oo the number of neighboring search minut, U p o 
some number such as eight) that also have a mating file J ?■ 
on^the degree o, correspondence between the nei o ™ 7 
and search minutia. The »tc* score for the en ire f ge " ! h 
sum ^e scores for each search minutia. ""^Print ,s the 

SP- " "rethMd" ™ ti ^, m1nUti "- ■»» Skater than some 

Z and rh « Pr1nt <S C °" s1dered t0 ™^'"ed to the 

«a and tne fingerprints are not compared further 

match?" * 11S " n9 ° f a " the mi0r steps 1n ">= comparison or 

etching pr. • , A more detailed functional description of each of 
these steps is given in the following sections. 

BRIEF DESCRIPTION OF THE DRAWINGS 

' Figures 1A and IB are examples of search and f„e minutiae respectively 
Figure 1C shows the search minutiae of Figure 1A rotated and super 
imposed on the file minutiae in Figure IB* ' 

minutlir B " d C Sh ° K " amP ' eS ° f Mt,nS " d n °™«"S »'» « % 

hundred? ' ^ '"^ ° f '* *"-«» 

« en?4B; ' " " "■«»«"■ »r the examp, e ,„ Figures 

.nd ^i„„;; a t, f,ow dia9ra * of tha ^ - — - — 

minutl.T 7 " nta, " S *" eXa """ e ° f ° Verla - " P '° tS ° f S " rch and nu 

Figure 8 1s a logic flow diagram Illustrating the detailed logic 
for processing the NHIT list of Table 8; and 

Figure g is a flow diagram Illustrating the minutia pairing logic. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
1.0 PREPARATION OF SEARCH MI NUTIA DATA 



In a typical application of the invention, a single search fingerprint 
1$ compared against many file fingerprints. Certain computations, involving 
the initial search minutia data only, are done only once at the beginning 
of .the series of comparisons. 



1.1 SORT INTO ANGLE ORDER 

To decrease the computation time, the search minutiae are sorted, 
based on their angle, in ascending order as shown in Table 1. If the 
minutiae are already sorted with respect to 6, this step is skipped. 

1.2 FIND CLOSEST NEIGHBORS 

Since the scoring for each pair of mating minutiae 1s dependent on 
the number of neighbors that also have mates, the N N nearest neighbors for 
each search minutia must be defined. The number N N is a match parameter 
selected by the machine operator and is typically chosen to be in the 
range of 6 to 12. The "nearness" measure is the sum of the absolute 
values of the differences in the X and Y coordinates between two minutiae. 
Such a measure 1s easily computed and results in a diamond shaped neighbor- 
hood area. Figure 3 shows the search minutiae of Figure 1A with each 
minutia numbered. Table 3 lists the nearest eight neighbors for some of 
the search minutiae. The nearest neighbors for each minutia are determined 
by computing the distance from each minutia to all other minutiae and 
selecting the N N closest minutia as the nearest neighbors. 

1.3 ROTATE SEARCH MINUTIAE FOR EACH ANGULAR POSITION 

Since the X, Y, e minutia values for the search and for the file 
fingerprints Initially are not located with respect to a unique coordinate 
system, 1t usually 1s necessary to rotate one of the minutia patterns with 
respect to the other to properly align the matching fingerprints, as 
Illustrated, for example, in Figure 1C. There appears to be no straight- 
forward method of computing a best rotation based on some criteria such as 
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a least-squared-error fit. Accordingly In thu 
«rfnut1« are rotated through , seH e [It V * "»"=" 

rotated sets of „,1„„„ae are sto" „ T ™ tnt "»«• 

rotated search minutiae are centred with the ^ £et ° f 
Stves the best match (as re ,surTd by Til I ^ «' *«« 

used in coroutine the „«, score or IT V """""l 15 

In the preferred e^odi TO „ t> . disc e 'let ^ 
spaced 5.6 degrees apart are osad |„ rotations. K 

ten such rotations covers a ran T™1 ' ^ * " 
to anow for variations in f ingerprinl or ,e "* J"""" ,S Suff, «ent 
Jr. is a match parameter specify ^the op , ^ Cf 
large as desired in order to ! "Perator, and can be made as 

comparisons. U 1s desirable to use as .« m a ' 

Functionally, the rotated X and Y «,< ♦* ° f " R M P rac ««ble. 

the matrix equation ""^ Values are c °Wed by 




COSa 



SINa 



SINa 



COSa 



(1) 



where X R ,Y R are the rotated minutia values X y , +u . 
minutia values, and a 1s the rotation an T % 5 1n1t * al search 

integer computations and t a 1 n "! ^ ^ * 0B ^ 
blowing approximations are " h ^ ^ 

used for the sine and cosine computations: 



COSa = 1 _ 32/COIV(N) 
SINa « 32/SDIV(N) 

The COIV(N) and SDIV(N) functions are represented bv * * 

wMch have values for each N correspond, „T t TJL JZZ T" 

Values of COIV(N) and sni\itu\ terete values of a. 

equations and have the Z ' ^ ^ »' « *. above 



(2) 
(3) 



COIV(N) 
SDIV(N) 



1 - COSa 
32 



(4) 
(5) 
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where N has values 1, 2, ... N R y, 

a has values (-%+D (5.6°), <-N RT +3) (5.6°), (-N RT +5).(5.6°) , 

... (-N RT +2N R -3)(5.6°), (-N RT +2N RT -1)(5.6°) 
and N RT Is the total number of rotations permlssable and is an even 
integer. 

The values of & for each rotation can be obtained simply by adding 
an angle to each 8 value equal to the rotation a defined above. This 
addition, however, is performed later 1n the matching process, thus 
avoiding the creation of an additional array of rotated values for 6. 

In order to minimize the computational errors in the rotation 
calculations, the search minutiae are initially centered over the 
origin. The rotation computations then are performed for the translated 
data set, and the rotated minutia sets then are retranslated to the first 
quadrant so that all X and Y values for the minutiae are positive. 

2.0 PREPARATION OF FILE MINUTIA DATA 

Very little preparation of the file print minutia data is necessary 
or desirable since these computations need to be performed for each file 
fingerprint with which the search print is compared. The file data are 
arranged in order with respect to 6 and the minimum and maximum minutia 
X and Y values are determined for the file print, but these calculations 
need be done only once for each file print for Instance, at the time the 
file print data is added to the data base. A simple computation also 
can be done at the time the file print 1s added to the data base to 
determine the quantization parameters for use with the histograms described 
1n the next section. 

3.0 PRINT REGISTRATION 

Print registration or orientation matching requires the determination 
of the best angular rotation and the X and Y offsets or translation that 
are necessary to superimpose the search minutia pattern upon the file 
minutia pattern. This task Is accomplished by constructing for each of. 
the N R rotations of the search minutia pattern, a two dimensional histo- 
gram of the displacements in X and Y needed to overlay each search 
minutia with each file minutia for which the values of © differ by less 
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than some threshold, which threshold is a matchinn „, 
the operator. „ the computed displac LI," , r ""^ 

minutiae' are greater than so TO spec, e T t e ol Z '"• 
omitted fro. the Mstogra m . An e XJrap 0 5 ^ "l, frLT !' * ' 
be one near the top of one print and the ot „ a e hot " i ^ 
other print. Such minutiae would no, represent 1 In nai ° 

To illustrate and more precisely dP<;rr*h Q «.k 
the example minutia patterns'sho ' 4 " ' ^L'?' 

differs from the one shown In Figures 1 1 . ** 
1s one of the rotated sets of ^ll'^ZT Til Tl 
pattern ,s shifted 10 units 1„ x and ,0 units In V o 1 12 /1 
of the ininutla X end Y values) then. .< t0 Mch 

-tween the search and £ ~ L a W -~„ce , 
comparison matrix. This matrix lists L. \I a, " S " ra1 " ut,a 

"tnutia (the lef^st coll Lt x ^ LcTT"? "* i"* 

top row of the matrix,. The matrix entr I ^ ".T" 

comparison. The Utter A indicates that the ta„ 5 0 
mmutlae corresponding to that matrix element (e g L„ ,1 \ 

be added to the „,. „,„„„, data order ~ * » ™t 
minutia on top of the search minutia after the center of T \ 
file minutia patterns have been made coincident 

of-th^X HoTT ** " nter " °" « 'be everege 

coord t , "spectively for the search minutiae. The y' 

ord.n tes for the center of the f,„ p rint are the \ t 

the maximum and minimum values of X and Y respectively for the fn 

minutiae. The. center for each minutia pettern is shown y 

In Figures 4A and 4B. symbol 



79E59A 0050842 

- 8 - 

The coordinate values shown for each minutla in the top row and left 
column of the comparison matrix of Table 4 are with respect to the center 
of the print. Thus, to compute the translations in X and Y, AX and AY, 
that are required to superimpose two minutiae, such as S2 and F4, the 
values of the file minutia are subtracted from the values of the search 
minutia, as shown by the equations of Figure 4. For the S2, F4 minutia 
pair, these differences are 12 and 10 for X and Y, respectively, as shown 
in the F4 column and S2 row of the comparison matrix. The +2 term in the 
X translation equation of Figure 4 is necessary to allow for the non- 
alignment of the center of the minutia patterns (the coordinates* of the 
center of the search minutiae are 28, 30 and for the file print center are 
30-30 producing a difference in the X coordinates of 2). 

The entries of the letter L indicate that the translation required 
for the superposition of two minutiae (e.g., S2, F5) exceeds a threshold 
which is half of the file minutia pattern width for X and half of the file 
minutia pattern height for Y. Both the X and Y translations must be less 
than these thresholds to avoid an L entry. The width and height of the 
file minutia patterns of Figure 4 are 55 and 50, respectively- 
Using the numbers contained in the comparison matrix, a two dimensional 
histogram is constructed. Figure 5 shows such a histogram for the example . 
of Figure 4. Each cell of the histogram corresponds to the translations 
in X and Y listed on the top and left edges of the histogram. The number 
within each cell indicates the number of minutia pairs that exist for a 
given X and Y translation of the search print. The histogram 1s constructed 
by first setting all cells in the histogram to zero and then Incrementing 
(by 1) each histogram cell that corresponds to the numerical entries in 
the comparison matrix of Table 4. Thus, for example, the minutia pair 
S2, F3, with a comparison matrix entry of 24, 5 causes the contents of the 
(24,25; 5,4) histogram cell to be incremented by one. As can be seen 
by an examination of Figures 4 and 5, all of the correct or proper 
corresponding minutia pairs (e.g., (S1,F3), (S3,F4) etc.), cause either 
the (14,15; 11,10) histogram cell or an adjacent cell to be incremented. 

To determine from the histogram the best X,Y translation, a search 
is made of the histogram cells to find the cell with the maximum value. 
The coordinates of the cell with the maximum value gives the translation 
values in X and Y which uield the maximum degree of matching. Because of 
the discrete nature of the process, a slight modification of the procedure 
is used to avoid edge or boundary problems that produce quantization 
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errors. In the example, there actually are eiqht nairc 

: in U « a , o„„ ,„„ r of these patrs ar : count f ; « ; ^r~~*«« 

histogram cell. The counts for the other four ,,0) 
en. top .decent cells due t0 sHght / ' ^ <» the Uft 

minutiae of the two patterns. To allow for these edoe Tt ' " 
problem, the maximum count for the MsW, < boundary 
sum of the counts for four ad ce s Tn T""' ^ °" 

the histogram of figure 5 is eight! ^T^TT ** 

of four cells that gives this maximum, the X and V \ r malar ' 
best line up the two minutia patterns are (us no W " S **" 

and „ (assuming an initia, ^ mnt ^XZZT'™ 0 "* 

The actual mechanization of this aH„„ m „* „ 
the same, is so TO wh,t different co^ t o y ^2'^'.^^ 
example. ' One difference ,s that aTomparls ma x ^^J" * 
constructed; the computations are don/for eacnt t „ 
Means of two nested DO loops, with the histogram being upd te I t ° " 
complete of each minutia pair computation. The deslrabilitv of . 
minutiae sorted by angle is apparent fmm an examine 0 0 f I I ' 
-WX of T.H. 4. since .„ of the A entries for a tZ J^T?"" 
or two seouent.a, groups which include at least one end of"ne ow lie 
s used ,„ the 00 ,oop computation based on these seguentla a„ u' * ' 
differences to reduce the number of m, nul1s pa1r computations 

Other computation differences are concerned with the manner in which 
the boundary problem for the histogram 1s handled and the construct, J 
the histogram for the etcher where. 1„ effect, four Jrl " °" " 

independent computations proceed 1n parallel. 

The minutia pattern line-up or registration process Is Wn „ 
1 entice, to a two-di TOns1 o„„ discrete pattern cor 11 
where,„ one pattern is placed on top of another, the nu*er co espondino 
faatures are counted, a correlation matrix element is Incremented chn 
pattern is shifted a small Increment, and the correspond ZTf ure again 
are counted, etc. features again 

register^ two prints, histograms as described above are construct < 
sequence for each rotation angle. The rotation angle wh,c s " 
maximum histogram entry ,s the best rotation angle, if ther S „ j ' 
than one maximum 1n the histogram (I.e.. two or more cells have the same 
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count which is higher than all others), the coordinates for each maximum 
are computed and stored as well as the rotation angles. Such a condition 
represents two equally good pattern registrations as determined by the above 
registration process. The rest of the matching process is executed for 
each of these maximums (up to five) and a match score is computed for 
each. The highest resulting match score is taken as the print match 
score. 

4.0 TEST FOR EARLY OUT 

After the two prints have been registered, the maximum histogram 
entry, M£, is a measure of how well the minutia patterns match since 1t 
is approximately the number of minutiae that are mates. (This measure 
is not exact because of possible double counting - one search minutia might 
be "paired" with more than one file minutia by the above process.) A 
comparison of 1s made with an early out threshold, E JV E T 1s a 
matching parameter that is specified by the operator. The value of E T 
1s dependent on the type of search prints used. A typical value for latent 
search prints is 15. If H$<E T> a zero match score 1s assigned, and no 
further match computations are performed for these two prints. IF M*>E T , 
a more refined minutia pairing and scoring procedure is used, as described 
in the following sections. • 

5.0 MINUTIA PAIRING AND SCORING PROCEDURE 

The process for minutia pairing and scoring is outlined 1n Figure 6. 
Figure 6 is a flow diagram of the pairing and scoring process. The 
various procedures Indicated by the blocks 1n Figure 6 are discussed in 
more detail 1n the following subsections. The process is Illustrated 
in Figure 7 for which the corresponding minutia data are tabulated 1n 
Table 5. Figure 7 contains an example of • the overlaid plots corresponding 
to-tabular listings" of X, Y and e minutia values and 1s used to Illustrate 
the specifics of the process. 

5.1 FORMATION OF INITIAL HIT LIST 

The first step 1n the minutia pairing and scoring process is the 
formation of a list called the "HIT" 11st which 1s a list of the search 
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and file minutiae which are near enough to each other to be consider.,, 
potenf.a, mating pairs of minutiae. Table 6 is a "HIT" list for th 

* considered Cose to a search Lutia, che met r * 
must satisfy the equations 06 Va1ues 



l*Si 


- X Fj| = 


iW iJ. 


4X ij 


< 




l V Si ' 


• V FJ | = 


4V 1a. 


" V iJ 


< 




| S Si 


- e Fj | = 




i9 tJ 







(6) 



hi- hy hv » F j' e SJ , and 8 represent the ith search and the jth fil* 
X. V and 9 m,nutia values respectively, and E ,. E y and r are the 
permissable X, Y and 6 pairing errors. B 

For minutia pairs (t.J) which satisfy this criteria, a distance or 
closeness measure, D (j , is computed as: 

"ij - «,/♦. 4Y ij ♦ *°,j* e (7, 

as e the s x e ii\7T y use v°' sca,e the e dw ~ * «■ — - ge 

and V V 7" " ePe " dS ° n Um ' tS U5ed to "Pr««»t X, 
V and e. For x and V measured in .008 inch units and e measured in 5 6 

degree units. S, would be 4. In addition to satisfying eguations 6 

in order for a file minutia to be considered Cose to a search 1,H, ♦„ 

following distance, relationship must also be satisfied: ' ^ 

. °« 5 "« . ■ (8) 

where D H is the pemissable distance error. This distance measure is 
also shown for each of the minutia peris listed in Table 6. «„ 
minut a w ich are "Cose" to a search. minutia (up to a „m,t of fo 
are liste in the initial HIT „»t ,„ ascending order of 
measured by O fJ , as shown in Table 6. 
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5.2 NEIGHBORHOOD HIT LIST 

The rest of the minutia pairing and scoring procedure involves 
examining all possible search and file minutia combinations and selecting 
that combination which tends to maximize the match score under a closeness- 
of-fit scoring technique for the neighboring pairs of minutiae. To 
determine which neighboring search minutiae also have mating file minutiae, 
a list is formed for each mating search minutia, called the "NHIT" 
list. An example of an "NHIT" list appears in Tables 7(a)-7(e). The 
left-most column of this list is a list of the N closest search minutia - 
to that search minutia (called here the neighborhood center minutia) for 
which the list is formed. The right-hand most column is a list of file 
minutia (up to two) which are close to the search minutia listed 1n the 
left-most column of the table. These neighborhood closeness and distance 
measures are computed in accord with equations (6), (7) and (8), 
although different values of E x , E Y> Eg, S Q , and D H (i.e., E XN> E yN , 
E , S and D H ) can be specified. That is, the tolerances and scaling 
factors* can be different for the HIT and NHIT lists. In Table 7(a), 
the NHIT list for the search and file pair of minutia (S4.F4) is shown 
together with the nearness or closeness measure for the four closest 
neighbors to minutia S4 (lie., S3, S2, S8, SI). This 11st only includes 
the two closest file minutiae for a given search minutia. Duplicate file 
minutiae are eliminated from the list according to a set of logic which 
first maximizes the number of search minutiae having a mating file minutia, 
and then minimizes the' distance or nearness measure when two pairs of 
minutiae are considered at a time. 

The operation of the logic is Illustrated by means of the example 
NHIT list of Table 8 (the minutiae of the example are not related to 
those of the example 1n Table 5). The first minutia combination to be 
considered by the logic 1s the SI ,F2 combination listed in the first row. 
However, an examination of the second row shows that F2 appears in this 
row also, and with a smaller distance than in row one. If minutia F2 is 
paired with S2 because of the smaller distance, then there 1s no minutia 
to pair with SI. In order to minimize the number of pairings, the selectk 
1s made as shown in the final pairing column of the 11st. The detailed 
logic for processing the NHIT list is shown 1n the folow chart of Figure 
8. In Figure 8: 
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NHIT.I U " ^ ^ nei9hb ° rS SeaFCh m1nUt * a 

= ^file minutia to the I search .inutia fn the 

*IT(I.2) = distance measure between the I search M in the 

■niiT/i ,i 3 NHIT (M) file minut ^ 

( ' ] — — Ise arch„ in 

.NHIT(I,4) . distance .ea sure between the I search .inutia 1n the 

NHIT list and the NHIT(I, 3) file mlnutia. 
Following the logic of Figure 8 and worHn„ i 

the pa,r,ng giving the .n.rt distance measure results In IL , 
shown In the "fine, pairing.. col(Mn of the , jst e ~ ' * "» 
sufficient,, complex to always produce en optll t o ' 1 the 

-e entry for row three would have been (F7.2) ,„ ste ad o , t 

f na pairing for the first three rows would have been («. . ,, 
which 1s not as good as the selection -, In 2) In ,, f i ' ' ' ' 
coined distance 1s , as compared to 

since sitgatK requiring the more complex logic are rare 

Once a NHIT list has been edited to eliminate duplicate fil, .,„♦• 
and the resulting, best search-file neighborhood mlnu r ZT 

e n determined (according to the above rules,, the variance In h t of 
th ne.ghbonng minutiae Is computed. A combined variance over X Y d 
€ is computed as: * T and 



o 2 



0) 

whereas: 
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2 



(10) 



« 

S Q is a quantity used to scale the o Q values to the same range 
as o x 2 and o y 2 . AX y , AYj, AS^ are the X, Y and e differences between 
neighboring search and file minutiae, and is the number of matching 
neighbors. Again S Q is a function of the units used to measure X, Y 
and 8. For X and Y measured in units of 0.008 inches and e in units 
5.6°, S Q is in the range of 16-32. 

In order to use integer arithmetic, equations (10) are computed 
using a different scale factor S Q . to scale the computed o 2 values to 
appropriate integer values. The value of S Q depends on the scoring 
table used and for the scoring table of Table 9, S Q = 4. In FORTRAN 
notation, the equation for determining a x 2 , equation (10), has the form: 

IVX = UKXIS- (MXI*KXI)/K»i)*IVARF/KMH 

vhere: 

ivx = ° 2 x 

1? M 2 
J=l 

MXI =» - ~ x -i 
J=l J 



IVARF «= S_ 
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Tables 7(b) and 7 (d) show the variance ecstatic- for *s ,c„ , 
and (S4.F2) .fnutia pairs respectively ,„ th ! 5 *' (S4 * F4) 

and S = 2? 5 Tho * f com P u tat1ons , S « 4 

the <tff.lL. l u tU n f'^^ "t of n i„ utia S , 

»ori„, able. An examp.. - '"T"* l?" ' taB -«-»«on.l 

«■ . dtanslon of the table ! n ? '* Sh ° Wn ,n Tab,e 

* ■ ther is o s 2 . the cortfneo s " '" atChin9 ne1shbors - 

1 roJnutia score for the (S4 ** Th * 

03 is creator than U, the ,.r S e £'o„„ y of ST" 0 ■ 

ind.vl.oa, ninutla score for the 4 « e tab , 

and fourth column entry of Table 7/pH a ( 6 fourth row 

^not.a patterns of TabuVl^t "th IT " ^ 

effect, specifies a score for .„ of N„. £ pace te ! Z"*' 
« ™ tab,e of scor, ng V a, U es. Is! ol^o^ £ 



If 




> 






N MX 


If 




< 


N MN' 


S M = 


0 


If 




> 


_ 2 
°SX ' 




0 


If 


-x 2 


< 


_ 2 
°SN ' 







(12) 
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where N HX> N HN , o $x , and o SN are the maximum and minimum allowed values 

9 2 
of N M and o s respectively. In Table 9 N KX = 12, = 4 , o sx , = 30, 

and o SN 2 = 1. Table 9 was developed by intutitive and empirical means 
so as to give a high score when the search and file fingerprints are 
similar, and a low score when they are dissimilar. 

When the score S u .., for a given search minutia-file minutia pair 
(as listed in the initial HIT list), has been determined from its relation- 
ship to its closest neighbors, this score is entered in the initial HIT 
list in place of the distance measure initially computed for this minutia 
pair. This procedure is repeated until scores have been determined for all 
minutia pairs defined by the initial HIT list. Table 10(a) is the HIT 
list for Table 6 with the distance measure replaced by the individual 
minutia scores. In order to avoid considerable hand computations to 
provide this example, all of the S^.. entries except for the S H44 
entries are rough approximations, but are sufficiently representative 
to illustrate the essential features of the process. 

5.3 DETERMINATION OF FINAL HIT LIST AND INDIVIDUAL MINUTIA SCORE 

When all of the score entries have been made in the Initial HIT 
list, the file minutia entries for each row are re-ordered to be in 
decending order based on the score entries, and only the first two 
entries are retained in the HIT list. The right-most- column of the 
example HIT list of Table 10(a) shows the effect of this or-ordering 
and truncation. 

Using the truncated, score-ordered HIT list, multiple file minutiae 
are eliminated by selecting that pairing which maximizes the total score 
when minutia pairings are considered two at a time. The selection 
process for the example of Table 10 is straightforward- in the right-most 
column of -Table 10(a), the file minutia with the lowest score is always 
eliminated if multiple entires exist. Those file minutiae to be eliminated 
are indicated by a star (*) in this table. 

A situation not quite so straightforward is shown in Table 11. If 
the lowest scoring file minutiae are eliminated, there is no mating file 
minutia for search minutiae S2, S4, 57, and S8. The selection logic 
considers the pairing for two search minutiae at a time and is such that 
the combined score for the two minutia pairing is maximized. Figure 9 
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contains a flow chart of the process. In Figure 9: 

NS = number of search minutia 
HIT(i,l) = file minutia number with largest score on 1th row 

of HIT array 
HITi.,. =core for file minutia of H(i,l) 
HIT(i,3; ninutia number with second highest score 

ow of HIT array 
HIT(i,4) = scor- • file minutia of H(i,3) 

A HIT entry of 999 indicates an empty cell or no minutia pairing. 
The result of the application of the process shown in Figure 9 to 
the example of Table 11 is shown in the right-most column of Table 11 
The logic is not sufficiently complex to truly maximize the score over all 
possible pairing combinations. In the example of Table 11, the score would 
be five points higher 1f file minutia F9 were paired with search minutia 
S3 instead of S4 as shown. Such situations requiring more complex logic, 
however, seem to be very rare, and hence the added logic complexity that 
would be needed to handle such situations is not included as part of 
the match procedure. 

6.0 FINAL HATCH SCORE 

The final match score for the entire print 1s simply the sum of the 
natch scores for each individual search minutia, as determined from the 
final HIT list. This 1s illustrated at the bottom part of Table 10(b) 

The invention is mechanized by means of a FORTRAN routine run on any 
suitable computer system such as the IBM 7090. Appendix I contains a 
FORTRAN listing of the computer program. Appendix II contains a list of 
the more significant program variables. 

Although the invention has been described and Illustrated in detail 
it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and 
scope of this invention being limited only by the terms of the appended 
claims. 

I claim: i 
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MINUTIA 


MINUTIA 


NO. 


COORDINATES 


MO 




Y 


$ 


1 


103 


13 


2 


2 


18 


21 


8 


3 


51 


93 


40 


4 


8 


29 


m r 

4b 


5 


30 


40 


90 


6 


90 


79 


130 


7 


117 


43 


135 


8 


116 


87 


135 


9 


90 


50 


160 


10 


55 


30 


165 


11 


120 


24 . 


172 


12 


66 


21 


174 


13 


72 


98 


182 


14 


101 


111 


184 


15 


47 


16 


187 


16 


42 


99 


220 


17 


23 


72 


250 


18 


60 


70 


295 


19 


43 


52 


305 


20 


70 


80 


318 



a) SEARCH MINUTIA 



MINUTIA 


MINUTIA 


NO. 


COORDINATES , 


NO. 


X 


Y 


6 


1 


41 


118 


40 


2 


34 


93 


62 


3 


20 


18 


67 


4 


34 


35 


118 


5 


75 


95 


148 


6 


112 


72 


170 


7 


88 


69 


175 


8 


78 


48 


181 


9 




40 


185 


10 


61 


36 


193 


11 


73 


129 


212 


12 


23 


95 


250 


13 


IB 


63 


275 


14 


33 


74 


284 


15 


46 


54 


320 


16 


95 


91 


331 


17 


£8 


83 


344 



TABLE I ' » F1LE " : ™"* 
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LIST OF BASIC STEPS IN PftOCCSS 
IX PREPARE SEARCH ViUTf A DATA 
1.1 SORT i::TO A.vCLt CROER 
1J? Fi:.o CLOSEST :;=ICK20?S 

1J ROTATE SEARCH WIUTIA FOR EACH ANGULAR POSITION 

2-0 PREPARE PILE Vl*JUTiA DATA 

2.1 SORT tr.TO A\*CLE CRCSR 

FI.VO M.l-N a:o Vax X A?;o Y VALUES 
2JI CO-Vf-UTE OUA?;TJ2ATIO?I f ARAM£7£P.S 

4.0 TESTFOR EARLY OUT ^ 

4.1 COMPARE V.*^ WITH THRESHOLO E r 

4.2 ^ M' m <E T .ASSlG': ZERO 1UTCH SCORE EXT 

4 J ifm\»>e t .f«o«eo 



SjO 



• D FOR I ACS SEARCH VI.VUTIA WHICH HAS A MATING FILE 

M.NUT.ASO THESE VATI.V5 M..VJT.A CCr.C.cl C~" T I- '*;" A " SL * TE 

SEARCH V...NUTIA ALSO HAVE A MAT** FILE WNUtIa! K~ Vt^.--',^ C "° nST " E, =«=S'«G 
UIMUTIA SCORE. I„. AS l„ . K„2 * m . CC -*0. e THE KXU% iOUAL 

6.1 FORM INITIAL "HIT" UST 

6.2 FORM KilGHiOSHODD H.T rNHIT")L!ST 
M^NUTIa'sCORE 1 '* 1 " H '~ '"'^ INCiviCUAL 

7JO COMPUTE TOTAL FINAL, MATCH SCORE S^AS S M "l I,: 



TABLE 2 
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MINUTIA 
NO. 


8 NEAREST NEIGHBORS 


1 


11,12.7.9.15.10.6.8 


2 


4.5. 15. 10. 17. 19. IB. 12 


3 


16. 13.20. IB. 6. 19. 17.14 


4 


2.5.15.10.17.19.18.12 


5 


4. 2. 17. 19. 10. 15. 18.9 


6 


' 20.13.8.14.9.18.3.7 


• 

• • 





TABLE 3 
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SEARCH MINUTIA 



NO. 


X 


Y 


e 


1 


8 


8 


25 


2 


14 


21 


27 


3 


10 


20 


30 


4 . 


6 


17 


32 


5 


36 


10 


150 


6 


31 


8 


155 


7 


26 


14 


150 


8 


14 


14 


235 


9 


28 


22 


325 


10 


32 


22 


330 


11 


39 


22 


340 



TABLE 5 



FILE MINUTIA 



NO. 


X 


Y 


e 


1 


18 


23 


25 


2 


10 


19 


25 


3 


14 


22 


28 


4 


5 


14 


30 


5 


8 


9 


30 


e 


12 


10 


32 


7 


28 


16 


150 


8 


24 


12 


160 


9 


39 


12 


160 


10 


35 


9 


162 


11 


27 


8 


170 


12 


12 


15 


210 


13 


18 


15 


230 


14 


32 


24 


320 


15 


36 


23 


332 


16 


25 


22 


342 
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HIT LIST 



SEARCH 
MINUTIA 


CORRESPONDING FILE MINUTIA. 
DISTANCE 


SI 


(F5.2). (F6.8). IF4.10) 


S2 


(F3,1). (F1.6).{F2.6) 


S3 


(F2.2I. fF3.6). (F4J1).(Fl f 12) 


S4 


(F4.4). (F2.8UF5.10UF3.14) 


S5 


(F10.3). (F9.7) 


ss 


(Fn.6).(F10.6) 


57 


(F8.4). (F7.6), fFU.9J 


S3 


(Fl3.6).<Fl2.8) 


S9 


(F16.6).(F14.7K(F15.10) 


SlO 


<F14.4L(F15.5).(F16.9) 


sn 


<F15,5MF14,13) 



TABLE 6 
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INITIAL NHIT tlST.IS^.Fil PAIRING FINAL NHIT LIST, «S«.f <) FAIRING 



DISPLACED 
SEARCH 
IZINUTIA 


cop.wpokding FILE 

Uli.*UTlA. DISTANCE 


SEARCH 


FILE 


-iX 


AY 


.if 


S3 


tF2.7l.lF3.91 


£3 


F2 


1 


2 


-S 


S3 


fF7.5l.IP3.6J 


S2 


F3 


1 


4 


t 


S3 


IF12.7J. IF13.91 


S8 


F17 


-1 


4 


-25 


SI 


Cf5.6UF6.t11 


SI 


F5 


t 


4 


5 








•2 


D.7S 


0 75 


123 



•S 7 * 410.751 « *(0.751 «• 4 (1331,-223 
$M44 * 0 



INITIAL NHIT LIST. (S4.F2) PAIRING FINAL NHIT LIST. CS4.F71 PAIRING 



DISPLACED 
SEARCH 
MINUTIA 


COARES?OV0ING FILE 
MINUTIA. OIST ANCE 


SEARCH 
MINUTIA 


FILE 
l/.INUTIA 




.5Y 


19 


S3 


<F23.1).|Fl.6> 


S3 


F3 


0 


0 


-2 


S? 


. <F 1.01.1*3.5) 


S? 


F1 


0 


0 


-2 




- IF 13.2). (F 12.10) 


sa 


F13 


0 


-1 


-S 


SI 


(F6.2UF5.6I 


SI 


FS 


0 


o 


7 








•* 


0 


0.19 


20 



•S? - 4|0) « 410.191 ♦4|70}/223 



• 4 

S4442-60 



EXAMPLE SCORING TABLE 

0 i 7 3 4 S 6 7 8 9 10 II 12 13 14 

20 10 S 1 o oooooooooo 

40 20 10 5 3 1O00O000OO 

ISO 120 103 BO 60 40 20 10 5 3 1 0 0 O O 

7 CO ISO 170 100 tO EO 40 20 10 S 3 1 0 O O 

700 200 300 ISO 120 100 80 60 *0 20 10 S 3 1 O 




TABLE 7(o)-7je) 



CO 
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DISPLACED 
SEARCH 



SI 

S2 
S3 
S4 

S5 

S6 

S7 

S3 



CORRESPONDING FILE 
MINUTIA , DISTANCE 

(F2.5) - ~~~ 
(F2.2). (F7.5) 
(F8.2) - 
(P8.4). (F9,6) 
(M0.3). (F?l,5) 
(F12.3J. IFH.5J 
CF14.7I - 
PM2J) - 



FINAL 
PAIRING 

(P2.5I 

CF7,5) 

(F8.2) 

(FlO.3) 
HM.5) 

FC12.1) 



STABLE 8 
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SCORING TABLE 





4 


5 


6 


7 


B 


9 


10 


11 


1 

12 


1 


50 


100 


120 


150 


170 


200 


220 


250 


250 


2 


30 


60 


100 


120 


150 


180 


200 


220 


250 


3 


20 


40 


70 


110 


140 


150 


180 


210 


240 


4 


10 


20 


60 


100 


120 


140 


160 


200 


220 


5 


8 


16 


40 


70 


100 


110 


150 


190 


■ 

.200 


6 


5 


10 


20 


40 


80 


100 


130 


170 


200 


7 


3 


8 


16 


32 


64 


90 


no 


160 


180 


8 


2 


6 


12 


24 


48 


80 


100 


150 


170 


9 


1 


5 


10 


20 


40 


70 


100 


140 


160 


10 


0 


3 


6 


12 


24 


50 


90 


130 


150 


11 


0 


2 


5 


10 


20 


40 


80 


120 


150 


12 


0 


1 


5 


10 


20 


40 


60 


1 10 


140 


13 


0 


0 


4 


8 


16 


32 




1 OU 


120 


14 


0 


0 


3 


6 


12 


24 




10U 




15 


0 


0 


2 


4 


o 


n c 
• o 




/U 


1 ULr 


16 


0 


0 


1 


3 


O 


I£ 




ZAJ 


on 


17 


0 


0 


0 


2 


* 


Q 

0 


lb 




on 


IB 


o 


o 


0 


1 


3 


6 


12 


30 


70 


19 


0 


0 


p 


0 


2 


4 


8 


20 


60 


20 


0 


0 


0 


0 


1 


3 


6 


10 


40 


21 


0 


0 


0 


0 


0 


2 


4 


8 


30 


22. 


0 


0 


0 


0 


0 


1 


3 


6 


20 


23 


0 


0 


0 


0 


0 


0 


2 


4 


10 


24 


0 


0 


0 


0 


0 


0 


1 


3 


8 


25 


0 


0 


0 


0 


0 


0 


0 


2 


6 


26 


0 


0 


0 


0 


0 


0 


0 


1 


4 


27 


0 


• o 


0 


0 


0 


0 


0 


0 


3 


28 


0 


0 


0 


0 


0 


0 


0 


0 


2 


29 


0 


0 


0 


0 


0 


0 


0 


0 


1 1 


30 


0 


0 


0 


0 


0 


0 


0 


0 


o 1 



TABLE 9 
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SEARC- 
MINUTia 

S! 

S3 

S3 

S4 

ss 

S6 
S7 
S3 
S3 
SlO 

sit 



''CVONOIW F ILE Mif.UTlA 
OUAt MiNUTiA SCORES * 



if 4.0. 

1*2.11 

-r.3l.lF3 1001. If4.0i. If 1.0, 

|F4.oi. trr.soi. irs.o.. cfj >0 i 

IF10 IOl. (F»^0» 
IF11.201. (f lO.gOl 
|Fl3l.fF7.60l IFll.Oi 
IM3.100I. If 1JJ, 
IFl6.3l.lf 14.4 0r . iFliO. 
If IOl. IF I5 60i. If 16 0: 
IF 15.3). If M.tOj 



U) INTERMEDIATE HIT LIST 



CORRESPONDING Pl L « V.i.\» w 7lA 
Af T£« SCORE ORQERIVG 
AND TRUNCATION: 



IfC 100*. CF5.3. 

If I.SOi. IF3.10I* 

If 3 1001. |f?J|- 

IF2.60I IF4.0, 

IFB.20I IF 10 10»* 

IF IO6O1. IF 11.20. 

•F7.60). |F8.3i 
If 13 IOOi. If 17.3, 
«F 14 401 if IB. 3 1 
inS SOi. IF 14.$,- 
IF 14.101% if 15.31- 

• Eliminated minutia 



SEARCH 
UINUTIA 



SI 
S2 
S3 
U 
S5 
SS 
P 
SS 

a 

SlO 

sn 



selected file 
mwutia amd score 



IF6.100) 
IF 1*5! 
IF3.100I 
CF2.S0J 
Ifft.TOl 
IFIO^OI 
CF7.$0| 
IF 13.1001 
IF 14.401 

ris.soi 



MATCH SCORE • 100 - BO - 100 • 60 • 70 . to ♦ 60 ♦ 100 ♦ 40 • 60 
• 700 



lb! FINAL HIT LIST 



TABLE 10 
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SEARCH 
MINUTIA 


CORRESPONDING FILE MINUTIA 
AFTER SCORE ORDERING AND 
TRUNCATION 


FINAL PAIRING 
AND SCORE 


SI 


(F3.40)\(F7.35) 


(F7.35) 


S2 


(F3.20) 


<F3.201 


S3 


(F9.20)\(F11.10) # 




S4 


(F9.15) 


(F9.15) 


S5 


(F 11.50) 


CF11 # 50I 


So 


(F 15.60). FM8.30) 


<F 15.60) 


S7 


<Fis.ior 




S3 


JF15.5)' 




S9 


(F21.30J.IF23.15) 


(F21.30) 


S10 


(F21.25)\(F26.20) 


(F26.20I 


S11 


«F31.30)\(F32.20) 


(F32.20) 


S12 


(F31J20MF33.5) 


(F31.20) 



• ELIMINATED MINUTIA 



TABLE II 
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APPENDIX II 

HMZ PROGRAM VARIA3LES - DESCRIPTION 

ASFP 0 Scale Factor for Hfnutia Pairing Distance 

C0UIiT(25OO) Registration X, t Histogram 

DEITH /\ angle between rotations in Units of 1.40625 degrees each 

DOX Kfnutia X, Y tolerance values for neighborhood Scoring 

DELX Minutia X, Y cell size for print registration 

OX Tolerance values for minutia pairing 

DPX X offset to eactly overlay a registered search minutia with 

Its rating file minutia 

OPT Y offset to exactly overlay a registered search minutia *1th 

Its eating file minutia 

ERAA Minutia Angle tolerance for print registration 

ERAS Minutia Angle tolerance for neighboring pairing 

ERAtt Minutia angle tolerance for minutia pairing 

f(612) Sorted file minutia X. Y 0 values 

HIT(1632) Amy of mating file and search ninutia 

IFLAG Switch, If » l f then search data is ready 

1XKAX Kaxirura X value of file ninutia set 

1XKIH Minimum X value of file minutia set 

lYrWC Maxiwn Y value of file ninutia set 

IYM1N Minimum Y value of file minutia set 

1CXF X Coordinate of einutia pattern center for file r.inuiia set 

1CYF Y Coordinate of rcinytia pattern center for file minuti* set 
IAHS - Maximum valu? cf registr alien histogram 

ISCORS Hatch score for a civ/*r. recis trat ion histogram naxiiur- 

ISCOR final match score (maximum of ISCORS values) 
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KAME 
ASFP 

coimr(250O) 

0£L7H 

VOX 

VX 

t*>X 

dpy 

ERAA 

ERAS 

ERAM 

F(512) 

HIT(1632) 

i a AG 

IXWX 

I WIN 

IYKAX 

XYK1N 

ICXF 

ICYF 

1AHS 

ISC0R5 

ISCOR 



APPENDIX II (CO.'.TINUEO) 
PROGRAM VARIABLES - DESCRIPTION 

© -:?1t Factor for Minutia Pairing Distance 
F tion X. T Histogram 

ie between rotations in Units or 1.40.625 degrees each 
Htm;: x. Y tolerance values for neighborhood scoring 
Minutia X. Y celt si*e for print registration, tolernace values 
for minutia pairing 

X offset to exactly overlay a registered search ainutla with its 
fcating file minutia 

t offset to exactly overlay a registered search mir.utia with Its 
mating file minutia 

Minutia Angle tolerance for print registration 
Minutia Angle Tolerance for Neighboring Pairing 
Minutia angle tolerance for tninutia pairing 
Sorted file ninutia X, Y 0 values 
Array of rating file and search minutia 
Switch, if - l f their search data is ready 
Maximum X values file minutia set 
Minimum X values file minutia set 
Maximum Y values file minutia set 
Minimum Y values file nnwtia set 

X Coordinate of minutia pattern center for file minutia set 
Y Coordinate of minutia pattern center for file ninutia stt 
Maximum value of registration histogram 
Match score for a gi*en registration histogram ma,imo«n 
. Find *atch score (maximum 0 f ISCORS values) 
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APPENDIX II (CONTINUED) 
HAKE PROGRAH VARIABLES - DESCRIPTION 

1STAB Array Containing Score Table 

U Pointer to PA array for best set of rotated search cinutia " 

♦IEOT Early out threshold 

IETP Distance Tolerance f>r ninutia pairing 

1TSX Scaled Variance of Matching .fleighbo ring Hinutia 

ISCTVR(SOO) Score Table 

ISCORV Individual Hinutia Score 

JXH1N X Coordinate of Lower Left Corner of File Hinutia Pattern 

OYHIH Y Coordinate of Lower Left Corner of File Hinutia Pattern 

JSCOR Humber of matching neighbors for a particular search minutia 

KF(70C) Array of file ninutia that are nated with search minutia 

IX 1/2 width of effective file minutia pattern area 

LT 1/2 height of effective file ninutia pattern area 

LAMIN Kaxinjm angle bias for search minutia angles 

NHIT(48) Array of file ninutia eating with neighbors of a given search 

minutia 

WAX Number of vuxinucs in registration histograms 

KB4 Number of neighbors to use tines 4 

HF Humber of file minutia 

KKAX{5) hmy of best rotation for registration 

KAT Number of search print rotations to use 

HF3 3 Tiires the number of file minutia 

KRIY Number of neighbors to use for neighborhood scoring 

•JP Number of search ninutia 
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MX II (CONTINUED) 
KAME ggu ; , 4RIA3LES ^ DESCRIPTION 

NBR{20<0) Heighbor array 

KX " Count array size in X (number of cells to use In count 

array in X direction) 
HW Number of ratchlng neighbors 

HT . Count » r "y size in Y (nunber cf cells to use in count 

array in Y direction) 
HPS Number of search minutia tines 8 

HXHAX Maximum nunber of count array cells in X direction 

HYMN Kaximum nurier of count Mrr»y cells in Y direction 

P{612) Unsorted search minutia 

PA(2040) Rotated search minutia X, Y values 

?AA(Z04) Search minutia angle values 

MOSTB Disk file containing score table 

5(612) Sorted Search Hinutia 

SS{612) Sorted. Centered, Search Hinutia 

X0F * offset to overlay search minutia on file minutia for ! 

registration histogram maximum - I 

YOr r offset to overlay search minutia on file minutia fcr 

registration histogram maximum 



- 72 - 



0050842 



1. A method employing a programmed computer for comparing the minutiae 
of a search fingerprint (the "search minutiae") with the minutiae of 
a file fingerprint (the "file minutiae") to determine if the search 
fingerprint closely resembles the file fingerprint comprising; 

(a) rotating and translating the search minutiae to 
determine the rotation and translation which 
most nearly brings the search minutiae into 
registration with the file minutiae; 

(b) pairing mating search and file minutiae; 

- (c) computing an individual minutia score for each search 
minutla that has a mating file minutia based on 
the spatial and angular relationship between the 
other mating file and search minutiae located 
within a neighborhood of each such search minutia; 
and 

(d) surrrning the individual minutia scores to obtain a 

final match score indicative of the overall resemblance 
of the search fingerprint to the file fingerprint. 

2. The method described in Claim 1 and further comprising: 

(a) sorting the search minutiae into angle order; 

(b) finding the closest neighbors for each search minutia; 

(c) sorting the file minutiae into angle order; and 

(d) computing maximum and minimum coordinates for the file 
minutia. 

3. The method described in Claim lor 2 and further comprising terminating 
the comparison between the minutiae of a search fingerprint and the 
minutiae of a file fingerprint whenever the degree of registration 
of the search minutiae with the file minutiae falls to exceed an 
operator selected threshold. 
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A method employing a programmed computer for comparing the minutiae 
of a search fingerprint (the "searcTi minutiae") with the minutiae 
of a file fingerprint (the "file minutiae") to determine if the 
search fingerprint closely resembles, the file fingerprint comprising 
the - steps in the order named: 

tating and translating the search minutiae to determine 
rotation and translation which most nearly brings 
irch minutiae into registration with the file 

mi. 

(b) pairi, . mating search and file minutiae; 

(c) computing an individual minutia score for each search 
minutia that has a mating file minutia based on the 
spatial and angular relationship between the other 
mating file and search minutiae located within a 
neighborhood of each search minutia; and 

(d) summing the individual minutia scores to obtain a final 
match score indicative of the overall resemblance 

of the search fingerprint to the file fingerprint. 

The method described in Claim 4 and further comprising the following 
steps in the order named, and performed prior to the first step 
described in Claim 1: 

(a) sorting the search minutiae into angle order; 

(b) finding the closest neighbors for each search minutia; 

(c) sorting the file minutiae into angle order; and 

(d) computing maximum and minimum coordinates for the file 
minutia. 

The method described in Claim 4 and further comprising the 
following step performed between steps (b) and (c) of Claim 4: 
terminating the comparison between the minutiae of a search fingerprint 
and the minutiae of a file fingerprint whenever the degree of 
registration of the search minutiae with the file minutiae fails to 
exceed an operator selected threshold. 
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7. The method described in Claim 5 or 6 wherein the step of rotating 
and translating the search minutiae to determine the rotation and 
translation which most nearly brings the search minutiae into 
registration with the file minutiae comprises: 

(a) rotating the search minutiae through a preselected 
set of rotations; 

(b) for each rotated set of search minutia constructing 
a histogram showing the number of coincident search 
and file minutiae for various translations of the 
search minutiae relative to the file minutiae; and* 

(c) determining the rotation and translation to which most 
nearly brings the search minutia into registration with 
the file minutiae by comparing the magnitudes of the 
largest adjacent blocks of entires in each of the 
histograms. 
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8. A device for comparing the minutiae of a search fingerprint 
(the "search minutiae") with the minutiae of a file fingerprint 
(the "file minutiae") to determine if the search fingerprint 
closely resembles the file fingerprint comprising: 

(a) rotating and translating means for rotating and 
translating the search minutiae to determine the 
rotation and translation which most nearly brings 
the search minutiae into registration with the 
file minutiae; 

. (b) P ain * n 9 "*cms for pairing mating rotated and translated 
search and file minutiae; 

(c) scoring means for computing an individual minutia 
score for each search minutia that has a mating 
file minutia based on the spatial and angular 
relationship between the other mating file and 

search minutiae located within a neighborhood of 
each such search minutia; and 

(d) sunning means for suimiing the individual minutia 
scores to obtain a final match score indicative of 
the overall resemblance of the search fingerprint 
to the file fingerprint. 

9. The device described in Claim 8 and further comprising: 

< a) first sorting means for sorting the search minutiae 
Into angle order; 

(b) finding means for finding the closest neighbors for 
each search minutia; 

(c) • second sorting means for sorting the file 

minutiae into angle order; and 

(d) coordinate means for computing maximum and minimum 
coordinates for the file minutia. 
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10. The device described in Claim 8 or 9 and further comprising 
terminating means for terminating the comparison between the 
minutirs 0 f a search fingerprint and the. minutiae of a file 
fingerprint whenever the degree of registration of the search 
minutiae with the file minutiae fails to exceed an operator 
selected threshold. 

11. The device described in Claim 8 or 9 wherein the rotating and 
translating means for rotating and translating the search 
minutiae to determine the rotation and translation which most 
nearly brings the search minutiae into registration with the 
file minutiae comprises: 

(a) rotating means for rotating the search minutiae 
through a preselected set of rotations; 

(b) for each rotated set of search minutiae constructing 
means for constructing a histogram showing the 
number of coincident search and file minutiae for 
various translations of the search minutiae relative 
to the file minutiae; and 

(c) determining means for determining the rotation and 
translation which most nearly brings the search 
minutiae into registration with the file minutiae 
by comparing the magnitudes of the largest adjacent 
blocks of entries in each of the histograms. 
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